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GEOMETRY REPORT 2003 
Introduction 
Digital Globe provides for general use 2.4 m multi- 
spectral and 0.7 m panchromatic imagery acquired by the 
Quickbird satellite. This geometrically corrected imagery 
was obtained as ‘standard’ and ‘orthorectified‘ products; 
the difference between the two products is primarily in the 
degree of geometric accuracy that Digital Globe claims. For 
both products, every image pixel contains estimated sets of 
Northing/Easting and lat/long coordinates accessible 
through an image display application such as ENVI. Ground 
processing was performed by Digital Globe using the ADP 2.1 
version of their system. 
Analysis conducted at South Dakota State University 
attempted to verify the geometric accuracy of standard and 
orthorectified Quickbird imagery to determine if 
specifications for the NASA Science Data Purchase (SDP) 
were met. These specifications are in Table 1 of Appendix 1. 
In this analysis, we had approximately 90 Ground Control 
Points (varies depending on scene size on each date), 
uniformly distributed over the Brookings, SD, area, from 4 
Quickbird scenes acquired August 23, September 15, and 
October 21 of 2003. The satellite elevation angles on these 
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dates are shown in Table 2 of Appendix 1. The northing and 
easting coordinates for these features were then compared 
to northing and easting coordinates for the same features 
from GPS measurements acquired by the Stennis GRIT team 
during June 2000 and September 2002. The mean Northing and 
Easting errors (difference between the image coordinates 
and the corresponding GPS measured coordinates), their 
standard deviations, and RMSE were estimated. Digital Globe 
provided Quickbird terrain corrected imagery through the 
SDP for analysis. This report discusses the procedures used 
for this analysis, and presents the results that were 
obtained in 2003. 
Procedure 
1. Ninety ground control points were selected in the 
Brookings, SD, region. Points chosen were clear and 
observable in all seasons, easy to access and were 
uniformly distributed. 
2. Latitudes and longitudes were accurately measured for 
selected points using GPS instrumentation on the 
ground. 
3. Position information from the Quickbird images was 
obtained by three induvuduals. 
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4.Mean error, STD, RMSE and 90% circular error were 
calculated. 
As mentioned in the Introduction, the Stennis GRIT team 
came to the Brookings, SD area in June 2000 and again in 
September 2002 to obtain GPS measurements of various 
features. The selected features needed to be clearly 
visible in both the panchromatic and multispectral imagery 
and easily accessible on the ground. The GPS instrument 
accuracy was better than 5cm. Suitable candidates for 
selection included road intersections, centers of driveways, 
and corners of parking lots. Measurements to centimeter 
precision were obtained for the selected features by a 
portable GPS unit that relied on triangulation with two 
ground reference units to provide localization; one 
reference unit was stationed at the Brookings airport (NGS 
PID PR1201),  while the other was stationed along the east 
side of the northbound lane of Interstate 2 9  (PID PR 1044), 
about one mile north of Brookings. Figure 1 shows the 
locations of both the selected features (yellow boxes), and 
the ground reference points (red boxes). 
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Fig. 1 Brookings, SD Test Site 
GCP Locations Base  Stations 
The panchromatic and multi-spectral scenes were examined to 
locate the selected features to sub-pixel accuracy. For 
the 2003 test scenes, the missing feature identity numbers 
in the spreadsheets (Appendix 3) implies that the 
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corresponding features were either not visible in the 
imagery or were cropped due to image size restrictions, and 
hence were not included in the analysis. For all features 
that were visible, the Northing and Easting coordinates 
were recorded. 
The image-based Northing and Easting coordinates were then 
compared with the corresponding GPS-measured coordinates by 
calculating the mean error, standard deviation, and RMSE. 
All calculations were performed in Microsoft Excel 
spreadsheets. 
CE-90 was estimated using the empirical approach. That is, 
the smallest diameter circle that enclosed 90% of the GCP 
errors was determined. This diameter is then the CE90 
estimate. 
Figure 2 shows a sample Quickbird image acquired 
on September 15, 2003. Figure 2 a l s o  illustrates the steps 
followed to acquire the image-based GPS coordinates of 
Point 33. 
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Sample Quickbird Image of Brookings, SD Test Site on September 15 
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Results and Analysis 
Results of the 2003 Quickbird geometry analysis are shown 
in Table 1 and Appendix 2. Table 1 indicates summary 
statistics for each scene including both mean northing and 
easting errors, northing and easting RMSE, total RMSE (the 
orthogonal sum of northing and easting RMSE), and estimated 
CE90. Appendix 2 contains plots of the positional error 
for each GCP and each data collect. Superimposed on these 
plots is the estimated CE90 circle. A l s o  included in 
Appendix 2 are vector plots. These plots show the 
magnitude and direction at each GCP location and are useful 
for identifying secondary error effects. 
Important results are listed in bulleted form below. 
All three Standard imagery products and the 
orthorectified product met the specifications of 23m 
and 12.7m CE90 respectively. 
(Note: CE90 was based on the radius of the circle in 
the scatter plots of Appendix 2.) 
The RMSE varied from 16.6 to 11.5 meters for the 
standard product while the orthorectified product 
exhibited an RMSE of 5.9m. 
There is an overall bias towards the north and east on 
all images. 
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Most of the pointing errors were due to bias in the 
easting and, to a lesser extent, northing coordinates. 
The Orthorectified product a CE90 = 8.0 m in the 
panchromatic band mainly due to easting errors. 
0 Little difference in geometric error exists between 
the panchromatic and multispectral bands. 
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BROOKINGS SUMMER 2003 QUICKBIRD GEOMETRIC 
RESULTS 
Table 1. Results of Quickbird geometric analysis in 2003. 
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Comparison of 2002 and 2003 Results 
0 The accuracy of the orthorectified product improved 
from a CE90 of 7.97 meters in 2003 compared to CE90 of 
2.7 meters in 2002. 
0 Geometry accuracy of standard products improved in 
2003 (18.8m average) when compared to 2002 (14.6m 
average). 
0 If the August 8, 2002 date is not included, then the 
average CE90 for 2002 increases substantially to 22.6m. 
Based on the rest of the standard 2002 collections, it 
would appear that the accuracy obtained on August 8 is 
atypical. 
Table 4.19 Comparison of 2002 and 2003 Pan Band Results 
Date Product Spec. CE90 
Type 
6/27/2002 Standard 2 3m 22.80m 
7/20/2002 Standard 2 3m 24. OOm 
8/ 7/2002 Standard 2 3m 15.97m 
8/25/2002 Standard 2 3m 3.34m 
9/7/2002 Standard 2 3m 27.80m 
9/7/2002 Orthorectified 12.7m 2.79m 
2 3m I 12.67m 
8/23/2003 Orthorectified 12.7m 7.97m 
9/15/2003 Standard 2 3m 17.40m 
10/21/2003 Standard 2 3m 13.62m 
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These results indicate that the pointing ability of 
Quickbird improved significantly from 2002 to 2003. 
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Appendix List 
Appendix 1. Satellite Elevation Angles 
and SDP Specifications 
Appendix 2. QUICICBIRD CE90 Plots and 
Vector Error Plots 
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Appendix 1 
Table 1. QUICKBIRD Product Specifications in 2003 
Date Product Type Order ADP Circular Error 90 Pan 
Specification Observed 
number version Band (Meters) 
8/23/2003 Standard 37889 2.0 23 meters 12.67meters 
911 512003 Standard 37896 2.0 23 meters 17.34 meters 
10/21/2003 Standard 37897 2.0 23 meters 13.62 meten 
8/23/2003 Orthorectified 38335 2.0 12.7 meters 7.97meters 
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Oct 21,2003 Quickbird Panchromatic Band(CE90%=13.62) 
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Sept 15, 2003(QuickbirdlFull Scene) Multispectral bands 
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Sept 15, 2003(Quickbird-Full Scene) Multispectral bands 
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OCT 21, 2003(Quickbird) Multispectral bands 
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OCT 21, 2003(Quickbird) Panbands 
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OCT 21, 2003(Quic k bi rd) Multispectral bands 





































































m m  




4913654 0740 673587 65130 
49120178540 fj730806540 
49089590920 673133.7880 
49136% 63;30 675218 4980 
4913703 OWl 677383 1140 
49124230580 6763123623 
4911104 7910 674719.1890 
4910007 022l 6731 18 34FB 
49105968770 676329.6540 
49105683530 678293908D 
4909253 6320 679434.5430 
4907291 5650 678947790 
49076074070 6767270830 
49073929850 6772550980 
49063305410 675421 1710 
49057581oJ3 673846m 








4908521.6190 674762 498) 
490405515m 6781234960 
49091 2 3 . W  674742 01330 
4905680 771 67731 612 
4913683.126 674672.403 
4909944201 674732J26 
4912541 525 676314.992 
m 6 7 i  7370 6749235840 
49[196711460 6nvi2400 












7 . m  
7.5530 












7 . m  
8.7870 














55 5621 ' 
39.5893' 
55 2346 ' 
61 8740' 






























































































1 1 4 . W  
116.7048- 
23.1553 
































1 6 . E  
- - . ~ .  
12.e13 
1 1 . 3  
13.3269 
12G'J5 
5.5528 
11.0789 
13.0316 
7.4961 
12.2179 
2.0401 
12.3823 
4.3399 
45 
